Background. Previous studies have shown that class Ic antiarrhythmic agents are effective in suppressing ectopic atrial rhythms and accessory pathway conduction.
C linical and experimental studies have shown that
Na' channel-blocking drugs, especially those classified as Ic agents,1 are effective in suppressing ectopic atrial rhythms2-4 and in slowing or blocking accessory pathway conduction.5-7 The mechanisms underlying the effectiveness of these agents in a wide spectrum of tachyarrhythmias are not entirely known, although they are thought to be related mainly to conduction slowing and to changes in refractoriness.8 For example, recent electrophysiologic studies have demonstrated that the Ic agent flecainide acetate prolongs nearly all cardiac conduction intervals with particularly marked effects on His-Purkinje and intraventricular conduction. 9 Although its effect on refractoriness in normal tissue is relatively small, flecainide significantly prolongs the refractory period of accessory pathways,8 making this a particularly effective agent in the treatment of reentrant tachycardias that use such tissues.
To further explore the mechanisms of the antiarrhythmic actions of class Ic agents, the cellular electrophysiologic effects of flecainide were examined in an in vitro experimental model of ectopic atrial automaticity. The model consisted of the isolated rabbit tricuspid valve, which contains three distinct types of cellular responses and enabled a quantitative examination of exit conduction from ectopic foci.'0-'2 The objectives of these studies were to delineate the effects of flecainide acetate with respect to the cellular electrophysiologic characteristics of pacemaker, transitional, and working atrial fibers and to assess the exit conduction characteristics of automatic impulses. Portions of this investigation have been presented in abstract form. 13 
Methods Experimental Preparation: Intracellular Recordings
New Zealand rabbits weighing 1.5 to 2.5 kg were euthanized with sodium pentobarbital (100 mg/kg IV), and their hearts were quickly removed through a midsternal incision and placed in room-temperature Tyrode's solution gassed with 95% O-5% CO2. Unless otherwise stated, the Tyrode's solution for all experiments contained the following (in mmol/L): NaCl 129, KCl 4 , NaH2P04 0.9, NaHCO, 20, CaCl2 1.8, MgSO4 0.5, and glucose 5.5 (pH 7.4). The In the present study, the electrophysiologic properties and cell-to-cell interactions of three fiber types (Fig 1) were examined: pacemaker (P), transitional (T), and atrial muscle (A). Fig 3A) .
In four separate experiments, flecainide-induced changes in atrial excitability were assessed by measuring the minimal current required to elicit a propagated response as a function of pulse duration. In these studies, valve preparations were stimulated at a cycle length of 750 milliseconds by basic pulses applied through a bipolar electrode placed in the atrial region. During basic drive, current threshold (Ith) was measured late in diastole by a test pulse delivered after every 15th basic stimulus. The 
Results

Flecainide Effects on Exit Conduction
Under control conditions, exit conduction from automatic foci in the valve model was generally nonuniform as evidenced by markedly different P-T and T-A conduction times. This is illustrated in Fig 1, which shows simultaneously recorded action potentials from pacemaker (top trace), transitional (middle trace), and atrial sites. In this example, P-T conduction time (54 milliseconds) was more than five times greater than that for T-A (10 milliseconds), even though the distances between P-T and T-A recording sites were nearly identical (=1.5 mm). Consequently, P-T conduction velocity (0.028 m/s) was considerably less than for T-A (0.15 m/s). When measured in eight valve preparations in the absence of flecainide, local P-T conduction velocity was significantly less than that for T-A (0.036±0.008 versus 0.121±0.033 m/s, respectively; P<.05). This illustrates the fact that exit conduction from automatic ectopic foci is usually discontinuous and slow, not only in valve preparations10'12 but in other models of ectopic automaticity.14 It should be noted that conduction velocities in those preparations with background norepinephrine (n=5) did not differ statistically from those without (n=3) for P-T (0.026±0.004 versus 0.054±0.016 m/s, respectively) or T-A (0.112±0.04 versus 0.134±0.071 m/s, respectively) conduction.
Despite the discontinuous, slow nature of P-T conduction, flecainide had a relatively greater influence on T-A conduction. This is shown in the example of Fig 2, which displays recorded potentials using the same format as Fig 1. Fig 2A shows control traces in a preparation where P-T and T-A recording sites were separated by 1.6 and 2.3 mm, respectively. With the cumulative addition of flecainide to the superfusate at concentrations up to 2 jig/mL, T-A conduction time gradually increased, whereas after 5 minutes of 5 jig/mL, as shown in Fig 2B, third-degree block developed between transitional and atrial sites. Note that in this example, spontaneous pacemaker activity continued in the presence of flecainide but that the transitional action potential was reduced in amplitude compared with control. On washout of the drug (Fig 2C) , T-A conduction was restored, although it remained markedly delayed such that electrotonic humps were evident at the transitional site.
The concentration-dependent effects of flecainide on exit conduction from ectopic foci were examined in a total of seven preparations, of which three were studied in the absence of background norepinephrine. The results of all seven experiments are shown in Table 1 , which compares P-T and T-A conduction times, expressed as percent of control, at all flecainide concentrations. The occurrence of third-degree exit block for a specific flecainide concentration is also indicated. Note that flecainide impaired T-A conduction to a greater extent than for P-T conduction, with several preparations exhibiting third-degree exit block. At 10 jg/mL, flecainide elicited P-T block in two experiments, whereas six of seven preparations exhibited T-A block at this concentration. Although not studied systemati- cally, 1:1 entrance conduction was present in valves during third-degree exit block, the latter of which was reversed on washout of the drug.
Cellular Electrophysiologic Effects of Flecainide
Flecainide induced marked changes in action potential morphology of pacemaker fibers yet did not significantly alter inherent automaticity. This is shown in Fig  3, which summarizes the concentration-dependent effects of flecainide on diastolic depolarization in pacemaker cells (n=7). Fig 3A illustrates a typical In the present investigation, flecainide was effective in suppressing manifest ectopic automaticity not by a direct inhibition of pacemaker activity but rather by eliciting exit block from ectopic foci (Fig 2 and Table 1 ). Moreover, exit conduction was most influenced at the junction between transitional and atrial zones compared with conduction from pacemaker to transitional regions (Table 1 ). This disparity of effects on the two components of exit conduction identified in this model is somewhat surprising since under control conditions conduction from pacemaker to transitional regions generally was slower than that from transitional to atrial. On the other hand, it is to be expected that flecainide would exert relatively minor direct effects on ectopic impulse generation since it has been shown in this model10'11 and in isolated valve myocytes31 that pacemaker fibers generate impulses by mechanisms that are TTX insensitive but suppressed by slow channel blockers. Although we did not measure Ica directly in pacemaker fibers, the lack of effect of flecainide on Vm.. (see Table 2 ) suggests that Ca21 channels in these cells were not significantly blocked.
The mechanism of exit block produced by flecainide in this model can best be explained by its interaction with Na+ channels in atrial fibers resulting in the Fig 2) , yet potently elicited T-A block, suggesting that its effects on excitability of atrial fibers were primarily responsible for the induction of block. Indeed, in paced preparations, flecainide produced an upward shift in measured strength-duration curves for atrial fibers, indicating that excitability was reduced (Fig 4) . This situation is analogous to the findings of Joyner et al,33 who hypothesized that agents that reduce tissue excit- ability impose a greater electrical "load" on locally excited cells. In the present report, it thus is hypothesized that flecainide, predominantly by its effects on atrial fibers, increased the electrical "load" on transitional fibers to such an extent that block ensued at the junction of these two regions. Flecainide-induced changes in the amplitude-excitability relationship may also explain its efficacy in suppressing accessory pathway conduction. [5] [6] [7] 17, 18 In this case, it may be hypothesized that a reduction in excitability of a large tissue mass connected to a smaller accessory pathway increases the "load" on impulses conducting through the latter. Moreover, under conditions in which regenerative inward Na+ current is also reduced,2122 it would be expected that the current generated by accessory pathway fibers would be a less efficacious stimulus for the activation of resting fibers, resulting in conduction failure.
Direct Effects on Valve Cells
Although flecainide significantly impaired exit conduction, it had little direct influence on the rate of intrinsic spontaneous activity of pacemaker fibers ( Fig  3C) . Nevertheless, the action potential morphology of pacemaker fibers was markedly altered during flecainide superfusion, particularly with regard to the initial phase of diastolic depolarization (D1; Fig 3B) . This change may represent flecainide's influences on K' conductances since it has been shown in isolated valve myocytes that the repolarization and subsequent diastolic depolarization phases are governed, at least in part, by the time-dependent K' current, IK. 31 However, it remains to be determined whether this or possibly other K' currents (eg, Ito) are involved in the diastolic depolarization of ectopic pacemaker fibers. Nevertheless, our data suggest that the ionic mechanism underlying phase D1 is probably not essential in determining spontaneous activity in these cells since a significant inhibition of this phase by flecainide was not associated with a parallel change in PCL.
